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Abstract 
Mexico hat wavelet function was used for time series of chlorophyll concentration from 1997 to 2010,in the area 
around Bohai Bay, Yangtze River Delta sea and South China Sea. Based on this, possible cycle and relation of 
chlorophyll concentration in different scales is analyzed , and is adopted to predict the changing tendency in the three 
area. 
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1. Introduction 
Wavelet analysis is a theory which can be used in time-domain and frequency. They can reveal the 
frequency characteristic at any times, with higher resolution[3]. In addition, they can analyze the signal in 
detail at many scales. Because of the multiresolution and adaptive, wavelet analysis plays an important 
part in time series analysis, predicting the period or trend[1].  
China’s territorial water has an area of 4,700,000 square kilometers, belonging to the open seas of the 
Pacific Ocean. It comes from Bohai in the north, north to Nanhai. The environment of China’s territorial 
sea supplies room for carbon circulation. Ocean chlorophyll is an important indicator of carbon content, 
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referring to the conversion and fate of the carbon[4]. For the reasons above, researching temporal and 
spatial trend of chlorophyll plays an important part in gleaning the carbon circulation[2]. 
 In this paper, we use mexhat wavelet function to explore the concentration of chlorophyll 
concentration in Bohai Bay area, Yangtze River Delta Region and South China Sea. In addition, the figure 
of wavelet variance shows the probable period. Also, we do some prediction on variation trend of ocean 
chlorophyll and comparison among the 3 research areas.  
2. Data and resource 
With the data from satellite of SeaWiFS, we first extract chlorophyll concentration in research area, 
then do spatial analysis. After that, we get the month average data. Then, we use mexhat wavelet function 
to take the analysis[6].  
2.1. A Brief Introduction about wavelet 
If the Ψ is an energy limited function which is defined in(-∞,+∞), composing square integrable signal 
space(Ψ∈L2(R)) , then the function group can be created: 
 
(1) 
 
In this function, Ψ(t) can be called wavelet function. After the flex and translation, we get Ψa,b(t), 
which is called wavelet base function, a is the flex function, b is translation factor[7]. 
Wavelet Transform is a linear decomposition operations on function f(t)L2(R), using wavelet 
function group a,b(t) in different scales. Also, it can be defined as the inner product of the signal and 
wavelet base function: 
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The wavelet variance reveals the energy distribution in different time scales, reflecting the relative 
intensity of the disturbance at a time series. From that, we can find the prime period of a time series.  
Mexhat function is a common wavelet function, which can be used in continuous transformation, the 
generating function is:[8] 
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2.2. Research Area 
The 3 research areas are listed in Fig. 1, Fig. 2 and Fig. 3. 
 
Fig. 1. Bohai Bay area 
 
Fig. 2. Yangtze River Delta 
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Fig. 3. Yangtze River Delta 
3. Variation characteristics of chlorophyll concentration in Bohai Bay area 
 
 
 
 
 
 
 
 
 
Fig. 4. Time series of chlorophyll concentration in Bohai Bay area 
 
Fig. 5. Wavelet transform coefficient of chlorophyll concentration in Bohai Bay area 
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Fig. 6. Wavelet variance of chlorophyll concentration in Bohai Bay area 
Fig. 4 shows the variation characteristics of chlorophyll concentration from Jan.1997 to Dec. 2010 in 
Bohai Bay area. At this period of time, the chlorophyll concentration increases with fluctuations. The 
lowest value of chlorophyll concentration appears at Aug. 1996 and Aug. 1997, with value of 1.69g/m3 
and 1.74 g/m3. On the other hand, highest value appears in Mar. 2006, with a value of 3.44 g/m3. After 
2005, the fluctuation trend is regular. At period of this time, chlorophyll concentration is higher in winter 
and lower in summer. However, after 2005, the fluctuation trend is not so regular.  
Fig. 5 is the result of Wavelet Transform. In this figure, the yellow part refers to the area that the 
column density is higher than average value; In contrast, the red part refers to the area that the column 
density is lower than average value. In short time scale, the oscillating period of the wavelet is obvious. In 
long time scale, the oscillating period is obscure because of containing complex variations in short time 
scale. At the time scale of 30 months, the value before Sep. 1997 is on the high side. From Sep.1997 to 
Jan. 1999, the value is on the low side. From Feb. 1999 to Jan. 2003 it becomes higher again. From Feb. 
2003 to Oct. 2006 is become lower. Then from Nov. 2006 to Feb. 2010 it becomes higher again. In short, 
it present a 3 year and 6 months period. In addition, at the time scale of 6 months, the period is also 
obvious, with a period about 6 months. 
Fig. 6 shows the wavelet variance of chlorophyll concentration. The time series contains 2 wave crests, 
corresponding to the period of 30 months and 126 months. Between the 2 periods, the latter is the main 
period. In addition, on large time scale, chlorophyll concentration may decrease in several years. In small 
time scale, chlorophyll concentration is lower in summer and higher in winter. 
4. Variation characteristics of chlorophyll concentration in Yangtze River Delta Region 
 
Fig. 7. Time series of chlorophyll concentration in Yangtze River Delta Region 
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Fig. 8. Wavelet transform coefficient of chlorophyll concentration in Yangtze River Delta Region 
 
Fig. 9. Wavelet variance of chlorophyll concentration in Yangtze River Delta Region 
Using the same method, we take wavelet transform on chlorophyll concentration in Yangtze River 
Delta Region from Jan. 1997 to Dec. 2010. Fig. 6 shows the variation trend. The fluctuation trend is 
obvious and regular, with a smaller variable amplitude than that in Bohai Bay area. In a year, the highest 
value usually appears at Apr., May. or Jun., and the lowest value appears at Oct. or Nov.. In May. 2006 
and May. 2010, the value of chlorophyll concentration reaches to 3.13g/m3 and 3.51 g/m3, respectively. In 
contrast, in Sep. 2001 and Nov. 2009, the value reaches to 2.09g/m3 and 2.46 g/m3, respectively.  
The result of wavelet transform on chlorophyll concentration is listed in Fig. 8. Wavelet transform 
coefficient of chlorophyll concentration in Yangtze River Delta Region is similar to that in Bohai Bay. In 
long time scale, the chlorophyll concentration varies frequently so the period is not obvious. On time 
scale of 27 months, the period of chlorophyll concentration is about 4 years. From Sep. 1998 to Apr. 2002, 
Nov. 2006 to Mar. 2010, the chlorophyll concentration value is on the high side, while other period of 
time the value is on the low side. Different from Bohai Bay, on small time scale, the period is not obvious. 
Also, we get variance of the above-region value. In Fig. 9, we find 2 wave crests, reflecting 2 periods: 
30 months and 132 months, and 132 months is the main period. In 4 years scale, the chlorophyll 
concentration will decrease. In time scale of 132 months, the chlorophyll concentration will increase after 
a short decrease. 
5. Variation characteristics of chlorophyll concentration in South China Sea 
 
Fig. 10. Time series of chlorophyll concentration in South China Sea 
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Fig. 11. Wavelet transform coefficient of chlorophyll concentration in South China Sea 
 
Fig. 12.  Wavelet variance of chlorophyll concentration in South China Sea 
Using the same method, we do the wavelet transform on chlorophyll concentration in South China Sea 
from Jan. 1997 to Dec. 2010. Fig. 10 shows the variation trend. The fluctuation trend is always regular in 
this region, with a smaller value and variable amplitude than that in Bohai Bay area and Yangtze River 
Delta Region. In a year, the highest value usually appears at Dec., Jan., and the lowest value appears at 
Apr. or May.. In Dec. 1999 and Dec. 2010, the value of chlorophyll concentration reaches to 0.59g/m3 
and 0.66 g/m3, respectively. In contrast, on May. 1998 and May. 2005, the value reaches to 0.20g/m3 and 
0.22 g/m3, respectively. 
The result of wavelet transform on chlorophyll concentration in South China Sea is listed in Fig. 11. In 
long time scale, wavelet transform coefficient of chlorophyll concentration in South China Sea is similar 
to that in Bohai Bay. In long time scale, the chlorophyll concentration varies frequently so the period is 
not obvious. On time scale of 27 months, the period of chlorophyll concentration is about 4 years. From 
Mar. 1999 to Mar. 2002, Jul. 2006 to Feb. 2010, the chlorophyll concentration value is on the high side, 
while other period of time the value is on the low side. On time scale of 6 months, the period is about 6 
months. 
Fig. 12 shows the wavelet variance of chlorophyll concentration. The time series contains 2 wave 
crests, corresponding to the period of 33 months and 130 months. But the main period under this time 
scale is not obvious. In addition, on large time scale of 132 months, chlorophyll concentration may 
decrease in several years. In time scale of 6 months, chlorophyll concentration will decrease after a short 
increase. 
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6. Comparison on chlorophyll concentration among 3 research areas 
 
Fig. 13. Comparison on chlorophyll concentration among 3 research areas 
Fig.13 shows the variation trend of chlorophyll concentration in 3 research areas from Jan. 1997 to 
Dec. 2010. The value of chlorophyll concentration in Bohai Bay area and Yangtze River Delta Region 
have same order of magnitude, while the value of chlorophyll concentration in South China Sea is much 
smaller. The low value in South China Sea may result from the perennial sea temperature, which prevents 
the growth of phytoplankton. In addition, the river entering into south sea, such as Yangtze River and 
Mekong River, contains little sediment, bringing about few nutritive materials. Moreover, high salinity 
also inhibits the growth of phytoplankton. Generally, the value of chlorophyll concentration in Bohai Bay 
area is higher than that in Yangtze River Delta Region[9]. However, in Jul., Aug. and Sep., the value in 
Yangtze River Delta Region is higher. It is possible that Yellow River brings large amount of sediment to 
Bohai Bay, providing much nutritive materials. On the other hand, in summer, the sunshine and sea 
temperature of Yangtze River Delta Region is better than that in Bohai Bay area, resulting in a higher 
value. 
The value of chlorophyll concentration in 3 research areas appears similar period of 4 years at the time 
scale about 27 months. At the small time scale of 6 months, the value of chlorophyll concentration in 
Bohai Bay area and South China Sea present a possible period of 6 months, while the period in Yangtze 
River Delta Region is not obvious. In one year, the value of chlorophyll concentration in Bohai Bay area 
and South China Sea usually reach the highest value in summer; while the value in Yangtze River Delta 
Region usually reaches the highest value when at the end of spring and the beginning of summer. The 
phenomenon listed above may indicate that the chlorophyll concentration in Bohai Bay area and South 
China Sea has the same or similar Ecological model mechanism[5]. 
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7. Conclusion 
We take wavelet analysis on chlorophyll concentration in Bohai Bay area, Yangtze River Delta Region 
and South China Sea, using maxhat wavelet. After that, we get probable periods and variation trend of 
them. The whole experiment shows that:  
 From 1997 to 2010, chlorophyll concentration in 3 research areas increases with fluctuations. The 
fluctuation in South China Sea is the most regular, the next is fluctuation in Bohai Bay area, while the 
fluctuation in Yangtze River Delta Region is not regular. 
 The period of chlorophyll concentration varies sensitively with the change of time scale. The value of 
chlorophyll concentration in 3 research areas appears similar period of 4 years at the time scale about 
27 months. At the small time scale of 6 months, the value of chlorophyll concentration in Bohai Bay 
area and South China Sea present a possible period of 6 months, while the period in Yangtze River 
Delta Region is not obvious. 
 With respect of wavelet variance, 3 research areas are all have 2 possible periods, locating in time 
scale about 30 months and 130 months. In Bohai Bay area and Yangtze River Delta Region, 30 months 
is the main period. In South China Sea, main period is not obvious. 
 In one or two years, chlorophyll concentration in 3 research areas may decrease gradually. 
 In conclusion, we do the preliminary research on period and variation trend of chlorophyll  
concentration in 3 research areas, also we predict the possible change in the future. Variation of 
chlorophyll concentration may be related to water temperature, amount of sand and sediment, rainfall, 
mason and salinity, which need more research, combining with remote sensing data model of 
chlorophyll. 
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